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Description 

This invention relates to a process for the pro- 
duction of a resin-iaminated rubber plug for a medi- 
cal vial and to such a plug. 

It is known that rubber plugs for vials which con- 
tain vulcanisation accelerators or other compound- 
ing agents render medical or pharmaceutical prod- 
ucts which are kept in containers closed by such 
rubber plugs liable to deterioration, usually by con- 
tamination with fine particles of the aforementioned 
accelerators or other agents. 

It has been proposed to laminate ail the body por- 
tion of a rubber plug with a fluoro resin to prevent 
the rubber of the body portion from direct contact 
with a solution or other pharmaceutical product kept 
within the container closed by the plug. Examples 
are given by Japanese Patent Publications Nos. 
91 1 9/1 979 and 1 355/1 977 and Japanese Utility Model 
Publications Nos. 27753/1969, 17831/1970 and 
21346/1974. It has also been proposed to produce a 
rubber plug by means of a two stage moulding, as 
shown in Figure 3, and as also described in Japa- 
nese Patent Publication No. 53184/1982. This pro- 
posal comprises placing a chemical resistant resin 
film 34 and a non-vulcanised rubber sheet 35 in that 
order over a lower metal mould 2 which has an annu- 
lar recess 33 for forming the hollow annular body 
portion 36 of the rubber plug. An upper mould 31 is 
placed over the sheet 35 and the film 34 and sheet 

35 are pressed between the moulds to form a body 

36 of which the lower surface is covered with the 
resin film and of which the upper rubber surface is 
exposed. A flange 37 formed during moulding is cut 
off to provide the plug body 36 with an outside diam- 
eter of, at most, two thirds that of the intended out- 
side diameter of the head of the plug. The head is 
formed by a remoulding technique in which a layer of 
non-vulcanised rubber 41 is placed over the body 
36, held in a recess 40 in a lower mould 39, and a 
head-forming mould 38 is pressed over the layer 1 1 
to form the head of the plug; unwanted material 
forced out laterally from the head is removed to 
make the final form of the plug, as shown in Figure 3 
(f). 

In order to improve the quality of some pharma- 
ceutical preparations such as cephalosporin, it is 
necessary to maintain the airtightness of a vial for 
a very long time, ft has been proposed to provide a 
resin-iaminated rubber plug A as shown in Rgure 4. 
In such a plug the outer circumference of the upper 
end 2 of the annular body of the plug is free from 
resin lamination, as explained in EP-A 0 172 613 filed 
5th June 1985, a document according to Article 54 
(3) and (4) EPC. 

It is an object of the present invention to provide 
an improved rubber plug. According to the inven- 
tion there is provided a process for the production 
of a resin-laminated rubber plug for a medical vial, 
which comprises a step of hot pressing and vulcan- 
ising a non-vulcanised compound rubber plate on 
one side of which a fluoro resin is laminated be- 
tween a first metal mould for forming a body part 
which mould is provided with a hollow part of W-type 
in cross-section corresponding to the profile of the 



body part and another metal mould for forming an 
upper part which mould is provided with a hollow 
part of truncated cone type or is plate-shaped and 
thereby obtaining a primary moulded article consist- 

5 ing of the body part completely coated with the 
fluoro resin except for its upper surface, a step of 
removing the burr part, a step of charging the thus v 
obtained primary moulded article in a second metal 
mould which is provided with a recess of W-type 

10 cross-section adapted to the profile of the body 
part and having a larger depth than the first metal 
mould, placing thereon a non-vulcanised compound 
rubber plate, hot pressing and vulcanising this rub- 
ber plate by the use of another metai mould for form- 

15 ing a cap which mould is provided with a hollow cor- 
responding to the profile of the cap, and thereby 
forming an upper body part and cap and integrating 
them with the primary moulded article and a step of 
removing the burr part and thus obtaining a rubber 

20 plug in which the body is completely laminated with 
the fluoro resin except for the outer circumference 
of the upper part of the body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Figures 1 and 2 are schematic views illustrating 
the production of rubber plugs according to the in- 
vention; 

Rgure 3 is a schematic drawing illustrating a pre- 
30 viously known procedure for producing a rubber 
plug; 

Rgure 4 is a side sectional view of a rubber plug 
which can be made accorcfing to the present inven- 
tion; 

35 Rgure 5 is a side sectional view of the rubber 
plug of Rgure 4, in a position partly closing the 
mouth of a vial; 

Rgure 6 is a side sectional view of the rubber 
plug of Rgure 4, shown as completely dosing the 
40 mouth of a vial; 

Rgure 7 is a side sectional view of a rubber plug 
made according to the invention, completely dosing 
the mouth of a vial and being fastened by an alumini- 
um cap; 

45 Rgure 8 is a plan view of another rubber plug 
made in accordance with the invention; 

Rgure 9 is a partly sectioned side view taken on 
line Pi' in Rgure 8; and 
Rgure 10 is a part sectional side view taken on 
50 the line ll-ir in Rgure 8. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

55 (Figure 1 illustrates one preferred method of mak- i Y 

ing - a rubtier plug according to the invention. As is ! 

shown in Figure 1 (a) g layer or plate of non-vulcan- s 

ised rubber 5 ^ is provided with a lower pToteCtive j 

layer 6 , preferably of fl uoro resin, and the laminate I •-»* 

60 thus formed is pressed between an upper mould 1 I 

and a lower mould 2. The lower mould has an annular \ 

recess 3, for forming the annular body part of the I 
plug; in this method the central portion P of the tow- 
er mould protrudes above the outer rim of a annular 

65 recess 3. The laminate is pressed and vulcanised 
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! by the heated moulds. Preferably the upper mould 
: has a truncated conical recess 4 of a diameter sub- 
/ • stantially that of the outside diameter of the recess 
\ 3 in the lower mould. The first moulding step produc- 
\ es as shown in Figure 1 (b) a body part 7 which has a 5 
I burr or sprue 8, which is removed, as shown by Fig- 

A second moulding stage is performed as shown 
in Figure 1(d). The previously formed body part 7 is 
inserted in a lower mould 1 0 of which the annular re- 1 0 
cess 1 1 is somewhat deeper than the recess 3 in the 
mould 2. In the mould part 10, the central portion is 
of lesser height than the central part P of the mould 
2. Otherwise the recess 1 1 of the mould 10 conforms 
to the shape of the body part 7 of the plug. Over the 15 
part 7 is disposed a plate 13 of non-vulcanised com- 
pound rubber, which is hot pressed and vulcanised 
by means of an upper mould 9 of which the recess 12 
conforms to the desired shape of the upper surface 
of the head or cap of the plug. As may be seen from 20 
Figure 1(d),(e) and (f) this process forms a plug in 
which part of the outer surface of the body of the 
plug is formed in the second stage, in this preferred 
method because the recess 11 is deeper than the re- 
cess 3, and accordingly the plug is formed such that 25 
the upper region 16 of the body next to the cap 14 is 
formed free of the protective layer covering the 
lower portion and the inside of the hollow body of 
the plug. Unwanted material 15 formed during the 
second moulding stage is removed. 30 

Figure 2 illustrates an alternative method which is 
similar to that shown in Figure 1 except that the 
mould 1 has no recess 4, whereby the upper sur- 
face of the body part T is made flat However, this 
surface is preferably formed as a frusto cone to in- 35 
crease the internal height of the body portion. This 
enables the central part of the plug to be made thin- 
ner (facilitating its piercing by a hyperdermic nee- 
dle) without requiring any hollowing of the cap, 
which can thereby be securely bonded to the body 40 
portion. 

The non-vulcanised compound rubber preferably 
used in the present invention may be a synthetic or 
natural rubber such as butyl rubber, isoprene rub- 
ber, butadiene rubber, halogenated butyl rubber, 45 
ethylene propylene terpolymer, silicone rubber and 
similar materials. For the protective coating, there 
may be employed tetrafluoroethylene polymer, trif- 
iuorochloroethylene polymer, tetrafluoroethylene- 
hexafiuoropropyJene copolymer, vinylidene fluoride 50 
polymer, vinyl fluoride polymer, tetrafluoroethyl- 
ene-ethylene copolymer or trifluorochlorothylene- 
thylene copolymer. The protective resin film has 
preferably a thickness between 0.002 and 0.5 mm. 

The pressing and heating conditions in each 55 
moulding stage according to Figure 1 or Figure 2 de- 
pend upon the fluoro resin layer employed, the par- 
ticular rubber and compounding agents, the thick- 
ness of the rubber and so on. However, the first 
moulding stage is preferably carried out at a temper- 60 
ature between 150 and 175°C and a pressure be- 
tween 40 and 70 kg/cm 2 for about 10 minutes, partic- 
ularly 100 to 165°C and about 50 kg/cm 2 for about 15 
minutes in an example in which the protective film is 
a tetrafluoroethylene-ethylene copolymer film and 65 



the compound rubber contains 58% of butyl rubber. 
The hot pressing and vulcanising step shown in Fig- 
ure 1(d) is preferably carried out at a temperature 
of 1 60 to 1 75°C for about 8 minutes. 

The outer surface of the body may be of the sim- 
ple form shown in Figure 1 (f) but may be in more com- 
plex form as shown, for example, in Figure 4 where- 
in the upper part of the outer surface of the body 
has a shoulder or step 22 and the lower part of the 
outer surface of the body has a projection or barb 
23. The various moulds must of course be modified 
accordingly. 

The particular plug shown in Figure 4 has a body 
part of which the height of the shoulder (cor- 
responding to the exposed rubber surface of the 
body) is x, and the lower portion of the outer sur- 
face of the body has a height y. In this embodiment 
the internal height of the body is greater than the 
height y, the difference in height m being preferably 
in the range 0.1 to 5mm. The airtightness when a vial 
is closed by the stopper is mainly determined by the 
height x which may be from 0.1 to 5mm. The piercea- 
bility of the head may be increased by an increase in 
the dimension m. 

The protrusion or barb 23 (which may have a 
height between 0.1 and 1 mm) may determine the posi- 
tion of the plug when a vial is half closed by the plug 
as shown in Figure 5; the protrusion prevents the 
stopper from sinking by virtue of the slippery sur- 
face of the fluoro-resin film. In use, a vial B is pref- 
erably half closed as shown in Figure 5, subjected 
to freeze drying in a freeze drying chamber and 
then completely closed by the plug, as shown in Fg- 
ure 6. The stopper may be further secured by 
means of an aluminium cap C as shown in Figure 7. 

When a rubber plug A is put into a vial B as 
shown in Figure 5, the plug is maintained at a con- 
stant height by the protrusions 4 even if the diame- 
ter of the mouth of a vial should alter from vial to vi- 
al. A constant quantity of vapour may be exhausted 
and a constant degree of vacuum may be held in the 
vial. Freeze drying may accordingly be completed in 
a shorter time. Complete closure is performed after 
the introduction of an inert gas such as nitrogen. In 
order to effect complete closure, a large press may 
be used. The protrusions on the body part act as a 
buffer to protect the vial from breakage. 

Rgures 8 to 10 illustrate further details of a stop- 
per as generally shown in Figure 4. In this embodi- 
ment the protrusions 24 on the body portion are in 
the form of semi-trigonal pyramids. The upper end 
16 of the body is not but the lower portion 17 is pro- 
vided with a complete coating of the chemical-resist- 
ant resin. 

If as shown in Figure 9 the height of the body 
from the lower rim to the ceiling of the inner portion 
is represented by L1 and the height from the lower 
rim of the body to the protrusion is L2, the ratio L1 to 
L2 should preferably be between 1 .7 and 1.5. 

When the container or vial is in a half closed 
state, there is a danger that the rubber plug may in- 
cline or slip out of the mouth of the vial. To inhibit 
the tilting of the rubber plug, it may be provided with 
a further protrusion or set of protrusions 27 below 
the protrusion or set of protrustions 24. 
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As shown in Figures 8 and 9, the upper surface 
of the cap of the plug may be provided with ribs 45 
and a central recess 46. 

Figure 10 illustrates the formation of the upper 
portion 16 of the plug with two shoulders 37 and 38, 
of which the lower shoulder 38 is bevelled. 

Claims 

1. A process for the production of a resin-lami- 
nated rubber plug for a medical vial, which compris- 
es a step of hot pressing and vulcanising a non-vul- 
canised compound rubber plate (5) on one side of 
which a fluoro resin (6) is laminated between a first 
metal mould (2) for forming a body part which mould 
is provided with a hollow part (3) of W-type in cross- 
section corresponding to the profile of the body 
part and another metal mould (1) for forming an up- 
per part which mould is provided with a hollow part 
of truncated cone type or is plate-shaped and 
thereby obtaining a primary moulded article consist- 
ing of the body part completely coated with the 
fluoro resin except for its upper surface, a step of 
removing the burr part (8), a step of charging the 
thus obtained primary moulded article in a second 
metal mould (1 0) which is provided with a recess (1 1 ) 
of W-type cross-section adapted to the profile of 
the body part and having a larger depth than the 
first metal mould, placing thereon a non-vulcanised 
compound rubber plate (13), hot pressing and vul- 
canising this rubber plate by the use of another met- 
al mould (9) for forming a cap (14) which mould is pro- 
vided with a hollow corresponding to the profile of 
the cap, and thereby forming an upper body part 
and cap and integrating them with the primary mould- 
ed article and a step (4) of removing the burr part 

(15) and thus obtaining a rubber plug in which the 
body is completely laminated with the fluoro resin ex- 
cept for the outer circumference of the upper part 

(16) of the body. 

2. A method according to dam 1, wherein the said 
second metal mould (10) is provided with a recess 
(11) which is 0.1 to 5mm deeper than the first metal 
mould. 

3. A method according to claim 1 or claim 2, where- 
in the first metal mould (2) is designed so as to form 
the leg part notched or cut at one or two positions. 

4. A method according to claim 1 or claim 2, where- 
in the first metal mould is designed so as to form at 
least one protrusion (23) on the coated portion of 
the body. 

5. A method according to claim 4, wherein the pro- 
trusions are four to eight in number and are small 
protrusions arranged symmetrically around the 
body. 

6. A method according to claim 4, wherein the pro- 
trusion is in the form of a rib, semi-trigonal pyramid 
or shoulder. 

7. A method according to claim 6, wherein the 
fluoro resin is a film with a thickness of 0.002 to 
0.5mm. 

8. A method according to anyone of the preced- 
ing claims, wherein the fluoro resin is selected from 
the group consisting of tetrafluoroethylene poly- 
mers, trifluorochloroethylene polymers, tetrafluoro- 



ethylene-hexafluoropropylene copolymers, vinyli- 
dene fluoride polymers, vinyl fluoride polymers, 
tetrafluoroethylene-ethylene copolymers and triflu- 
orochloroethylene-ethylene copolymers. 

5 9. A resin-laminated rubber plug for a medical vi- 
al, comprising an annular body (7) to be inserted Into 
the mouth of the vial, the body being notched or cut 
at at least one position, and a cap (14) to contact the 
front surface of the vial mouth, in which the outer 

10 and inner surfaces of the annular body (7) are lami- 
nated with a chemical-resistant resin film (6) except 
for the outer circumference of the upper end of the 
annular body to expose there the rubber surface, 
the body having at least one protrusion (23, 24, 27) 

15 on the outer surface of the laminated portion. 

Patentanspruche 



1 . Verfahren zur Herstellung eines harzbe- 
20 schichteten Gummistopfens fur ein medizinisches 

Raschchen, das einen HeiBpreBschritt und die Vul- 
kanisierurtg einer Gummipiatte (5) aus einer nicht- 
vulkanisierten Verbindung umfaBt, wobei eine Seite 
der Gummipiatte mit einem Ruorharz (6) zwischen ei- 

25 ner ersten Metallform (2) fur die Bildung eines Kor- 
perteils, wobei die Form mit einem Hohlteii (3), das im 
Querschnitt eine W-Form entsprechend dem Profil 
des Kdrperteils bes'rtzt, ausgestattet ist und einer 
anderen Metallform (1) fur die Bildung eines Ober- 

30 teils, wobei die Form mit einem Hohlteii in Form eines 
Kegeistumpfes ausgestattet ist Oder als Platte ge- 
formt ist, beschichtet ist, und wodurch ein erstes 
Formteil erhalten wird, das aus dem Kdrperteil be- 
steht, das mit Ausnahme der oberen Oberflache 

35 vollstandig mit dem Ruorharz beschichtet isteinerju 
Schritt zur Entfemung der PreBnaht (8),reinen 
Schritt der Beschickung des so erhaltenen ersten 
Formteiis in eine zweite Metallform (10), die mit einer 
Vertiefung (1 1 ) in W-Forrn im Querschnitt, die an das 

40 Profil des Kdrperteils angepaBt ist und eine groBere 
Tiefe als die erste Metallform aufweist, ausgestat- 
tet ist, das Auflegen einer Gummipiatte (13) darauf 
aus einer nicht-vulkanisierten Verbindung, HeiB- 
pressen und Vulkanisierung dieser Gummipiatte 

45 durch die Verwendung einer anderen Metallform (9) 
zur Bildung einer Kappe (14), wobei die Form mit ei- 
nem Hohlteii entsprechend dem Profil der Kappe 
ausgestattet ist, und dadurch Bildung eines oberen 
Kdrperteils und einer Kappe, und Integration dieser 

50 Teile in den ersten Formteil, und einen Schritt (4) 
zur Entfemung der PreBnaht (15), wobei so ein Gum- 
mistopfen erhalten wird, bei dem der Korper mit Aus- 
nahme des auBeren Umfanges des Oberteils (16) 
des Korpers vollstandig mit dem Ruorharz be- 

55 schichtet ist 

2. Verfahren nach Anspruch 1, bei dem die zweite 
Metallform (10) mit einer Vertiefung (11) ausgestat- 
tet ist, die 0,1 bis 5 mm tiefer ist als die erste Metall- 
form. 

60 3. Verfahren nach Anspruch 1 oder 2, bei dem die 
erste Metallform (2) so gestaltet ist, daB sie das 
FuBteil bildet, welches an einer Oder zwei Stellen ge- 
kerbt oder ausgeschnitten ist- 
4. Verfahren nach Anspruch 1 oder 2, bei dem 

65 die erste Metallform so gestaltet ist, daB minde- 
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stens ein Vorsprung (23) auf dem beschichteten 
Teil des K5rpers gebiidet wird. 

5. Verfahren nach Anspruch 4, bei dem vier bis 
acht kleine VorsprQnge vorhanden sind, die symme- 
trisch urn den Kdrper herum angeordnet sind. 

6. Verfahren nach Anspruch 4, bei dem der Vor- 
sprung die Form einer Rippe, einer semitrigonalen 
Pyramide oder einer Schulter aufweist 

7. Verfahren nach Anspruch 6, bei dem das Flu- 
orharz ein Rim mit einer Dicke von 0,002 bis 0,5 mm 
ist 

8. Verfahren nach einem der vorhergehenden 
Anspruche, bei dem das Fluorharz aus der Gruppe 
bestehend aus Tetrafluorethylenpolymere, Trifluor- 
chlorethylenpolymere, Tetrafluorethylen-hexafluor- 
propyiencopolymere, Vinytidenfluoridpolymere, Vh 
nylfluoridpolymere, Tetrafluorethyien-ethylencopo- 
lymere und Trifluorchlorethyien-ethylencopolymere 
ausgewahlt wird. 

9. Harzbeschichteter Gummistopfen ffir ein medi- 
zinisches Fiaschchen, enthaltend einen ringformi- 
gen Korper (7), der in die Offnung des RSschchens 
gesteckt wird, wobei der Korper an mindestens ei- 
ner Stelle gekerbt oder ausgechnhten ist, und eine 
Kappe (14), urn die oben liegende Oberfiache der 
Flaschchenoffnung zu berGhren, wobei die auBeren 
und inneren Oberflachen des ringformigen Korpers 
(7) mit einem chemflcalienresistenten Harzfilm (6) mit 
Ausnahme des auBeren Umfanges des oberen En- 
des des ringformigen Korpers, urn dort die Oberfia- 
che des Gummis freizulegen, beschichtet ist, wobei 
der Korper mindestens einen Vorsprung (23, 24, 
27) auf der auBeren Oberfiache des beschichteten 
Anteils aufweist 

Revendications 

1. Precede de fabrication d'un bouchon en caout- 
chouc revetu de resine pour un flacon medical, qui 
comporte une operation de pressage a chaud et de 
vulcanisation d'une plaque de caoutchouc composi- 
te non vulcanise (5) sur un cote de taqueile une resi- 
ne fluoree (6) est appliqu6e entre un premier moule 
metailique (2) pour former un corps, moule qui est 
muni d'une partie creuse (3) en forme de W en cou- 
pe, correspondent au profil du corps et un autre 
moule metailique (1) pour former une partie superieu- 
re, moule qui est muni d'une partie creuse tronconi- 
que ou en forme de plaque et obtenir ainsi un objet 
mou!6 primaire constitu6 du corps compldtement re- 
vetu de resine fluoree a ('exception de sa surface 
superieure, une etape consistant & eliminer la bavu- 
re (8), une etape de chargement de fobjet moule pri- 
maire ainsi obtenu dans un second moule metailique 
(10) qui est muni d'un evidement (11) en forme de W 
en coupe, adapte au profil du corps et possedant 
une profondeur superieure a cede du premier moule 
metailique, la mise en place sur celui-ci d'une plaque 
de caoutchouc composite non vulcanise (13), le 
pressage a chaud et la vulcanisation de cette pla- 
que de caoutchouc par I'emploi d'un autre moule me- 
tailique (9) pour former une coiffe (14), moule qui est 
muni d'une cavite correspondant au profil de la coif- 
fe, et ainsi former un corps superieur et une coiffe 
et les integrer a I'objet mou!6 primaire et une etape 



(4) d'eiimination de la bavure (15) et obtenir ainsi un 
bouchon de caoutchouc dans lequei ie corps est 
compl&tement revetu de la resine fluoree a I'excep- 
tion de la circonference exterieure de la partie su- 

5 perieure (1 6) du corps. 

2. Procede selon la revendication 1, dans lequei 
iedit second moule metailique (10) est muni d'un evi- 
dement (1 1) qui est plus profond de 0,1 a 5 mm que le 
premier moule metailique. 

10 3. Procede selon la revendication 1 ou la revendi- 
cation 2, dans lequei le premier moule metalfique (2) 
est congu de mani&re a former la partie de jambe 
avec des encoches ou evidee en un ou deux en- 
droits. 

15 4. Procede selon la revendication 1 ou la revendi- 
cation 2, dans lequei le premier moule metailique est 
congu de maniere a former au moins une partie 
saillante (23) sur la partie revetue du corps. 

5. Procede selon la revendication 4, dans lequei 
20 les parties saillantes sont au nombre de 4 k 8 et 

sont de petites parties saillantes disposes symetri- 
quement autour du corps. 

6. Procede selon la revendication 4, dans lequei 
la partie saillante est sous la forme d'une arete, 

25 d'une pyramide semMriangulaire ou d'un epaule- 
merrL 

7. Procede selon la revendication 6, dans lequei 
la resine fluoree est un film <f epaisseur comprise 
entre 0,002 et 0,05 mm. 

30 8. Procede selon i'une quelconque des revendi- 
cations precedentes, dans lequei la resine fluor6e 
est choisie parmi le groupe forme par des polymeres 
de tetrafluorethyiene, des polymeres de trifluoro- 
chlorethylene, des copolym6res de t6trafluor6thyie- 

35 ne-hexafluoropropytene, des polymeres de fluorure 
de vinyiidene, des polymeres de fluorure de vinyle, 
des copolymeres de tetrafluorethylene-ethylene et 
des copolymeres de trifluorochlorethyiene-ethyie- 
ne. 

40 9. Bouchon de caoutchouc revetu de resine pour 
un flacon medical, comportant un corps annulaire 
(7) destine a etre introduit dans le goulot du flacon, 
le corps etant encoch€ ou entailie en au moins un en- 
droit, et une coiffe (14) pour venir en contact de la 

45 surface anterieure du goulot du flacon, dans lequei 
les surfaces exterieure et interieur du corps annu- 
laire (7) sont revetues d'un film de resine resistant 
aux produits chimiques (6) a I'exception de la circon- 
ference exterieure de I*extr6mite superieure du 

50 corps annulaire pour y laisser a nu fa surface du 
caoutchouc, le corps possedant au moins une partie 
saillante (23, 24, 27) sur la surface exterieure de la 
partie revetue. 
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FIG. IO 




